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The goal of this study was ta evaluate the usefulness of
blood oxygenation level-dependent (BOLD) methodolo-
gies to provide temporal and spatial information about
skeletal muscle perfusion. A simultaneous gradient
echo (GE) and spin-echo (SE) imaging sequence (GE/SE)
with alternating TE was used to acquire images of leg
skeletal muscle throughout a stepped reactive hypere-
mia paradigm. The change in both the GE and SE relax-
ation rates (AR2*, AR2) measured during ischemia and
reactive hyperemia scaled with the duration of cuff in-
flation (the ischemic period) plateaued for cuff infla-
tions lasting longer than 120 seconds and were greater
in soleus muscle than in gastrocnemius. The ratio
AR2*/AR2 was found to be less during the reactive hy-
peremia period relative to ischemia. Considering that a
greater proportion of capillary vessels are perfused dur-
ing reactive hyperemia than during ischemia, this find-
ing suggests that magnetic susceptibility methodolo-
gies, with their dependence on compartment size, may
provide a measure of the relative distribution of small
and large vessels in skeletal muscle.
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Abbreviations: ANOVA = analysis of variance, BOLD = blood oxygenation
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THE EVALUATION of the spatial and temporal aspccts of
skeletal muscle perfusion is relevant to our understand-
ing of several common disease states, obesity, type 2 di-
abetes mellitus, and hypertension. Each of these disease
states exhibits resistance to insulin’s action to stimulate
glucose uptake in skeletal muscle, the primary site of glu-
cose disposal. However, the fundamental mechanisms
underlying insulin actions and resistance are not well
understood. In particular, whether the major determi-
nant of insulin action results from hemodynamic or cel-
lular effects remains controversial (1-8). At the center of
this controversy is our lack of understanding of the link
between the hemodynamic and metabolic changes, in
particular the spatial and temporal aspects of perfusion,
with the possibility of a spatially heterogeneous response
to insulin (9). Although currently available methods such
as strain-gauge plethysmography (10,11), radioactive
tracer (12), and thermodilution techniques (13) provide
information related to bulk blood flow, they do not pro-
vide temporal and spatial perfusion information. And
although electromagnetic {low recordings (14), pulsed ul-
trasound-Doppler, and laser-Doppler flowmetry (15)
methods provide temporal perfusion information, only lo-
calized areas can be measured at any given time.

Alternatively, MR functional imaging techniques not
only provide detailed spatial information but more re-
cently, with the advent of fast imaging techniques such
as fast gradient echo (GE) and echio pleutar iaging (EPI),
have the time resolution necessary to evaluate fast phys-
iologic processes such as perfusion. A particularly suc-
cessful functional MRI technique relies on the blood
oxygenation level-dependent (BOLD) effect (16), which is
sensitive to alterations in local deoxyhemoglobin content.
This technique has become a mainstay of human brain
activation studies (see refs. 17 and 18). In these studies,
it is thought that neuronal activation within the cerebral
cortex results in increases in local cerebral blood flow
without a commensurate increase in the oxygen con-
sumption rate, thereby causing a decrease in capillary
and venous deoxyhemoglobin concentrations and hence
increases in T2*/T2-weighted MR signal and BOLD con-
trast. Subsequently, BOLD signal changes have also been
shown to correlate with perfusion changes in other or-
gans such as kidney (19), cardiac tissue (20,21), and
more recently skeletal muscle (22-24).
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An added advantage of using BOLD techniques is the
variable sensitivity of BOLD imaging sequences to com-
partment size. In particular, recent results from both nu-
merical simulations (25,26) and measurements (27,28)
indicate that spin-echo (SE) and GE images have greatly
differing sensitivities to the size scale of the field inho-
mogeneities. A consequence of this difference is that the
SE signal change (characterized by the change in the T2
rate, AR2) is maximally sensitive to compartments with
dimensions approximately equal to the dimensions of
capillaries, whereas the GE signal (AR2*) is roughly
equally sensitive to all vessel sizes. Also, there is both
theoretical and experimental evidence to indicate that the
ratio of GE to SE relaxation rate changes (AR2*/AR2) is,
to first order, proportional to the tissues’ average vessel
size (26,29-31). Therefore, measurement of this ratio may
provide information related to the relative distribution of
small and large vessels and therefore vascular redistri-
bution.

The goal of this study was to evaluate the usefulness
of BOLD methodologies to provide temporal and spatial
information about skeletal muscle total perfusion, micro-
perfusion, and vascular redistribution. To accomplish
this goal, a simultancous GE and SE imaging scqucnce
(GE/SE) (32,33) with alternating TE (34) was used to ac-
quire images of leg skeletal muscle throughout a stepped
reactive hyperemia paradigm, where the duration of isch-
emia is systematically increased or decreased. The GE/
SE sequence enables the simultaneous acquisition of
both total and microvascular perfusion information and
provides the measurements necessary for calculating the
ratio of GE to SE relaxation rate changes (AR2*/AR2).
Simultaneous acquisition is necessary to avoid system-
atic errors, resulting from system status or physiologic
changes, that might occur between experiments, a case
in point being the stepped reactive hyperemia paradigm
used in this study. Reactive hyperemia was chosen as our
test paradigm since it is a well-studied condition of skel-
etal muscle in which the perfusion response has been
shown to scale with ischemia duration and an internal
redistribution of the blood occurs during reactive hyper-
emia, so that capillary-sized vessels comprise a larger
proportion of the perfused vessels.

® MATERIALS AND METHODS

Four healthy volunteers, two men and two women be-
tween the ages of 25 and 27, were studied in the supine
position under resting conditions, during ischemia and
reactive hyperemia produced in the lower leg. Ischemia
was achieved with a sphygmomanometer cuff placed just
proximal to the knee, connected to a rapid cuff inflator
(D.E. Hokanson, Bellevue, WA) and inflated to 300 mm
Hg in less than 1 second. The rapid inflation avoids any
volume change in the venous compartment (22). For each
volunteer, images were acquired throughout 1 minute of
baseline, during ischemia, and for 3 minutes after isch-
emia, during which the reactive hyperemic response
takes place. This experiment was repeated five times per
subject, with the duration of ischemia lasting either 30,
60. 120, 180. or 300 seconds, with approximately 5 to 6
minutes between experiments. The order of the experi-
ments was either reverse (subjects 1 and 2: 300 seconds
down to 30 seconds) or increasing (subjects 3 and 4: 30
seconds up to 300 seconds).

Imaging
MRI was performed on a 3.0-T Bruker Biospec System
(Karlsruhe, Germany) fitted with a home-built 8.5-in
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Figure 1. Simultaneous GE/SE-EPI sequence. The GE and SE
images were acquired nearly simultaneously with TE = 27.2 and
109.1 msec, respectively. The sequence was then repeated with
incremented TEs of 37.2 and 129.1 msec. Note that not all
phase-encoding blips are shown. Also, at TE the ky = O line is
acquired twice to enable phase correction.

local'three-axis gradient coil and a quadrature transmit-
receive birdcage radiofrequency (RF) coil. GE sagittal
scout images were obtained and an axial slice was chosen
at midcalf so that the gastrocnemius and soleus muscles
were both present within a single 10-mm imaging slice.
Subsequently, a high-resolution (256 X 256) SE image
(field of view [FOV] = 16 cm, TR = 1,000 msec, TE = 30
msec) was obtained at the chosen axial position.

During the reactive hyperemia paradigm, images were
obtained using a simultaneous GE/SE-EPI sequence,
with alternating TE. As illustrated in Figure 1, the GE
and SE images were acquired nearly simultaneously with
TE = 27.2 and 109.1 msec. Every other GE and SE image
set was acquired with incremented TEs of 37.2 and 129.1
msec, respectively. The TR was 2 seconds, with an FOV
of 16 cm and a matrix of 64 X 64, giving an in-plane
resolution of 2.5 X 2.5 mm.

Analysis

As depicted in Figure 2, GE and SE signal time-course
data were extracted from 10.0-12.5-mm?> regions of in-
terest (ROIs) within the lateral or medial gastrocnemius
and soleus muscle groups. Assuming monoexponential
T2* and T2 decay, the transverse relaxation rate changes
[AR2* = A(1/T2%) and AR2 = A(1/T2)] were calculated as
a function of time as follows:

o o1 s
AR2* or AR2 = £ In ( 5 ) (]

where S, is the mean resting baseline GE or SE signal,
and S,(t) represents either the GE or SE signal acquired
at TEs of 27.2 and 109.1 msec during and after ischemia.

To evaluate whether AR2* and AR2 changes correlate
with the perfusion changes known to occur during isch-
emia and reactive hyperemia, the areas under the AR2*
and AR2 curves were determined for the last 30 seconds
of cuff inflation (end-ischemia) and for 60 seconds begin-
ning 6 seconds after cull release (ie, during reactive hy-
peremia). This form of analysis was chosen since, as
demonstrated with plethysmographic measures of blood
{low (35), the amount of excess blood flowing during the
hyperemic period is represented by the area between the
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Figure 2. Conventional SE. high-resolution image of the leg
cross section. GE and SE signal time-course data were extracted
from 10.0-12.5-mm? ROIs within either the lateral or medial gas-
trocnemius (LG or MG) and soleus (SO) muscle groups.

curve of blood flow and resting level and was found to be
linearly related to the duration of the ischemic period.
Consequently, the means and standard errors of AR2*
and AR2 areas, from all subjects, were determined and
plotted as a function of ischemia duration for each mus-
cle group.

Using the same AR2* and AR2 area data, end-ischemia
and reactive hyperemia AR2*/AR2 ratios were deter-
mined for each muscle group as a function of ischemia
duration. Single-factor analysis of variance (ANOVA) was
used to determine whether the ratios differed signifi-
cantly as a function of ischemia duration, at the .05 sig-
nificance level. Last, a two-tailed ¢ test was used to
compare the ischemia and reactive hyperemia ratios.

Inherent to the determination of AR2* and AR2 as de-
scribed by Equation [1] is the assumption that the equi-
librium magnetization, M,, remains unchanged. How-
ever, in practice, Mo can be influenced by T1 and
therefore flow effects. Thus, to address the issue of
whether flow changes affect the apparent M, and there-
fore the observed relaxation rate changes, the apparent
M, (t) was calculated from the same ROIs from which thc
AR2* and AR2 data were extracted. Specifically, using the
alternating TE, GE data, the GE signals S,(t) and S,(t),
acquired at TE, = 27.2 msec and TE, = 37.2 msec, re-
spectively, are:

S, (t) = M,(t) expl-re/m20 2]
S,(t) = M,(t) expt-TE/120) (3]

It is assumed that at any given time t, M () and T2(t) are
the same for S,(t) and S,(t), since these signals are ac-
quired within 10 msec of each other. Consequently,
Equations [2] and [3] can be used to solve for M, (t):

Mu(t) = Sz(t) eXp[(}/ATE) (S, (t)/S,(1) (4]

where ATE = 10 msec. The mean M,(t)/M,,(t) (from all
subjects), where M, (t) is the baseline M,(t) determined
according to Equation [4] from S,(t) and S,(t) acquired
under resting conditions, was determined for both end-
ischemia and reactive-hyperemic conditions as a func-
tion of ischemia duration. Single-factor ANOVA, at a .05
significance level, was used to determine whether the re-
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sults varied significantly as a function of ischemia du-
ration.

e RESULTS

Representative AR2* and AR2 time-course data are
shown in Figure 3 for the gastrocnemius and soleus mus-
cles. Both AR2* and AR2 increased during ischemia and
decreased during reactive hyperemia. Note the leveling of
the response during cuff inflation as the duration of the
inflation increases.

The mean AR2* (Fig. 4a) and AR2 (Fig. 4b) areas, de-
termined during the last 30 seconds of ischemia and the
first 60 seconds of reactive hyperemia, are shown as a
function of ischemia duration for the soleus and gastroc-
nemius muscle groups. During ischemia, both AR2* and
AR2 increase with ischemia duration and begin to level
off for cuff inflations greater than 120 seconds. During
the reactive hyperemia phase, both AR2* and AR2 de-
crease with ischemia duration, but to a level significantly
less than noted during 1schemia. For each condition and
muscle group, the GE (AR2*) response is greater than the
SE (AR2) response. Finally, a general observation in all
subjects studied was the greater response in the soleus
relative to the gastrocnemius muscle group.

The AR2*/AR2 determined from the total AR2* and
AR2 areas computed during the last 30 seconds of isch-
emia are plotted as a function of ischemia duration in
Figure 5. Single-factor ANOVA revealed that these ratios
are significantly dependent on ischemia duration. Con-
versely, the ratios, calculated from the reactive hypere-
mia rates, did not vary significantly with ischemia dura-
tion (data not shown). An inability to detect a dependence
may be due in part to the much lower sensitivity of the
AR2* and AR2 response during reactive hyperemia. Con-
sequently, to address the question of whether this ratio
is different during ischemia and reactive hyperemia, a
comparison was made for the 180- and 300-second ex-
periments only (Fig. 6). The calculated means and stan-
dard errors for the gastrocnemius ratios during ischemia
and reactive hyperemia are 3.24 + 0.42 (n = 7) and 1.52
+ 0.82 (n = 5), respectively, which are not significantly
different at the .05 significance level (P = .069) as deter-
mined by an unpaired, two-tailed ¢ test. The values for
soleus are 3.01 + .24 (n = 7) and 1.84 + .44 (n = 6),
which are marginally significantly different (P = .03).
(Note that the ratio was not calculated for the cases where
ARZ2 was not significantly different from baseline, since
dividing AR2* by approximately O would result in an in-
determinate value for the ratio. This explains why the
number of samples (n) included in the statistical com-
parisons is less than 7 in the reactive hyperemia results.)

Figure 7 depicts the M,/M,, results as a function of
ischemia duration for end-ischemia (Fig. 7a) and during
reactive hyperemia (Fig. 7b). Single-factor ANOVA re-
vealed no significant dependence of the apparent mag-
netization on ischemia duration. In addition, the mean of
all ischemic and reactive hyperemia M, /M, ratios was not
significantly different as determined by a paired, two-
tailed t test at the .05 significance level.

© DISCUSSION

These studies demonstrate that simultaneously ac-
quired GE and SE images provide temporal and spatial
information about skeletal muscle perfusion and poten-
tially vascular redistribution. Specifically, the canges in
the BOLD GE and SE signals were found to be consistent
with perfusion changes that are known to occur during
ischemia and reactive hyperemia. The relaxation rates
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scale in direct proportion to the duration of cuff inflation,
a finding consistent with the literature demonstrating
increases in excess flow as the occlusion duration in-
creases (36). Also, the responses varied significantly
among the muscle groups. with the soleus muscle group
having a greater response than the gastrocnemius. Dif-
ferences in response are consistent with soleus being
comprised of more red (oxidative) muscle fibers than the
gastrocnemius, which has relatively more white (nonoxi-
dative) muscle fibers. Red muscle fibers have greater cap-
illary density, oxygen consumption, and blood flow rates
than white fibers (37).

Additional information derived from using the GE/SE
methodology includes a AR2*/AR2 ratio that increases
with ischemia duration during cuff inflation and de-
creases during reactive hyperemia relative to ischemia.

Given the theoretical and experimental evidence (25-
28,38), which suggests that AR2* is approximately
equally sensitive to vessels of all sizes, whereas AR2 is
primarily sensitive to capillary-sized compartments, this
result suggests an increase in the proportion of capillary-
sized vessels during reactive hyperemia compared with
ischemia. Assuming that this ratio is unaffected by
changes in blood oxygenation, as has been demonstrated
(89), these MRI findings are consistent with previous
studies demonstrating an internal redistribution of blood
between these two states. In particular, upon release of
the cuff, a larger proportion of the vessels perfused are
those concerned with tissue exchange, ie, capillary-sized
vessels (40,41). Consequently, these findings demon-
strate that magnetic susceptibility methodologies, with
their dependence on compartment size, may facilitate dif-
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Figure 4. The AR2* (a) and AR2 (b) areas, determined during the last 30 seconds of ischemia (filled symbols) and the first minute of
reactive hyperemia (open symbols) as a function of ischemia duration, for the soleus (@®,0) and gastrocnemius (#,J) muscles. The data
are given as the mean (from all four subjects) = standard error of the mean. A general observation was the greater response in the
soleus muscle relative to the gastrocnemius muscle during both end-ischemia and reactive hyperemia.

ferentiation of effects of the microvasculature from the
macrovasculature.

Despite these intriguing results, it must be cautioned
that the relationship between AR2*/AR2 and vessel size
distribution is not yet fully understood. Specifically, most
of the theoretical susceptibility models demonstrating the
size dependence of GE and SE methodologies assumed
extravascular susceptibility effects only. This assumption
holds for studies using intravascular contrast agents,
where the intravascular susceptibility effects are made
negligible so that extravascular susceptibility effects
dominate. Under such conditions, Dennie et al (29) dem-
onstrated a significant correlation between AR2*/AR2
and averaged vessel size in brain relative to tumor. How-
ever, it has been recently demonstrated that intravascu-
lar susceptibility effects may be the dominant effect in
BOLD studies, thus adding a more confusing size de-
pendence to the GE/SE studies (42). Finally, it is not
known whether the sensitivity of the SE sequence to red
blood cells (which are also capillary-sized compartments)
will result in a significant SE sensitivity to large vessels,
which contain many small compartments (ie. red blood
cells) (28). Studies addressing these issues are under
way.

Although this report has demonstrated that BOLD
techniques may be 11sed as sensitive indicators of skeletal
muscle perfusion changes, the fact that BOLD tech-
niques are indirect indicators of perfusion must also be
considered. Specifically, the success of using BOLD
methodologies to evaluate perfusion changes is depen-
dent on the maintenance of a blood-tissue oxygen gradi-
ent that is dominated by the blood oxygenation state. In
addition to the oxygenation state of the blood, other fac-
tors, such as tissue O, consumption and myoglobin
oxygen saturation, may contribute to or diminish BOLD
contrast. For example, if increases in flow and therefore
oxygenated blood are accompanied by commensurate in-
creases in oxygen extraction, the susceptibility gradient
will not be maintained, thereby making BOLD signal less
perfusion dependent. This effect was observed in cardiac
studies in which BOLD changes with dipyridamole,
where myocardial oxygen supply (flow) exceeds demand,
were much greater than those resulting from dobutamine
stress, where the myocardial oxygen supply and demand
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Figure 5. The mean ratio, AR2*/AR2, determined from the to-

tal AR2* and AR2 areas computed during the last 30 seconds of
ischemia as a function of ischemia duration (time of cuff infla-
tion). The ratios determined for both the soleus (@) and gastroc-
nemius (H) muscle groups demonstrate a statistically significant
dependence on ischemia duration, as determined by single-
factor ANOVA at the .05 significance level.

are balanced (43). Such may also be the case with exer-
cise stress in skeletal muscle but apparently is not a
dominant factor in this study, where signal decreased
during ischemia and increased during reactive hypere-
mia. Additional evidence consistent with oxygen con-
sumption’s not being a dominant factor under reactive
hyperemic conditions was presented by Fewings et al
(44). An immediate transient fall in venous oxygen satu-
ration was followed by a sustained rise in the oxygen sat-
uration of venous blood draining from muscle after 1- to
10-minute periods of ischemia.

Another factor to consider when using BOLD contrast
techniques to evaluate muscle perfusion is the oxygen
saturation state of myoglobin. Since myoglobin resides in
the muscle extravascular space, its saturation state can
affect the blood-tissue oxygenation gradient and there-
fore the magnitude of the BOLD signal. For example, it
has been shown that after approximately 1 minute of
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Figure 6. The mean ratio, AR2*/AR2, determined from the to-
tal AR2* and AR2 areas computed after cuff inflations of 180 and
300 seconds. The calculated means and standard errors for the
gastrocnemius during ischemia and reactive hyperemia (RH) are
3.24 = 42 (n=7)and 1.52 = .82 (n = b), respectively, which
are not significantly different at the .05 significance level (P =
.069). as determined by an unpaired, two-tailed t test. The values
for soleus are 3.01 + .24 (n = 7) and 1.84 + .44 (n = 6), which
are significantly different (P = .03).

ischemia, myoglobin begins to desaturate, becoming fully
desaturated after about 2-3 minutes of ischemia (23,45).
Interestingly, the timing of desaturation seems to corre-
late with a leveling of the BOLD signal decrease during
ischemia. This effect was also observed in this study after
approximately 2 minutes of ischemia. One hypothesis ex-
plaining this finding is a simultaneous decrease in both
hemoglobin and myoglobin oxygenation, thus leading to
a leveling of the blood-tissue oxygenation gradient and a
signal plateau. First-order approximations of blood-tis-
sue susceptibility differences (Ax), with and without con-
sideration of myoglobin desaturation, demonstrate that
the myoglobin oxygenation state may decrease the BOLD
response by as much as 50%, thus largely explaining the
observed signal plateau (see Appendix).

An alternative or additional factor that may contribute
to the ischemic signal plateau effect may be the attain-
ment of a maximally vasodilated state, thus reaching a
steady level of deoxyhemoglobin. However, measurements
of tissue blood volume using near infrared spectroscopy
demonstrate a blood volume that is relatively constant
during the ischemic period but increased above baseline
within 30 seconds after release of the occlusion (45). Still,
it is interesting that, at least in the soleus muscle, the
AR2*/AR2 ratio begins to plateau for higher durations of
ischemia (Fig. 6). If this ratio is in fact an indicator of
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vessel size distribution, it may also be indicative of a
maximally vasodilated state.

Although desaturation of myoglobin acts to decrease
the observed ischemic BOLD contrast, a continued de-
saturation of myoglobin during reactive hyperemia would
serve to increase the blood-tissue Ay on release of the
occlusion when an excess inflow of oxygenated blood oc-
curs. However, it is well known that myoglobin becomes
oxygenated almost immediately (46) and therefore prob-
ably does not contribute to the BOLD contrast observed
during reactive hyperemia.

Finally. based on the finding that the apparent M, does
not change significantly either with ischemia duration or
between ischemia and reactive hyperemia, the relaxation
rate changes measured here are not influenced by flow
changes that may affect T1 and therefore the apparent
M,. Ideally, to avoid any possibility of M, influences, R2*
and R2 rather than the relaxation rate changes (AR2* and
AR2) should be calculated. Although the alternating TE
sequence used here does provide the necessary infor-
mation for this calculation, the sensitivity of the SE sig-
nal acquired at TE = 129.1 msec was not sufficient for
the determination of R2, ie, differences in signal acquired
at 109.1 and 129.1 msec were not detectable. To maxi-
mize SE sensitivity, the SE signal should be acquired at
TE ~T2. At 3 T the muscle T2 is approximately 60 msec.
However, to enable the simultaneous acquisition of GE
and SE sequence, 109.1 msec was the minimal SE TE.
As a solution, a partial-NEX version of this sequence en-
abling SE acquisition at much shorter TE values will be
used for future studies.

To summarize, the results of this study suggest that
BOLD contrast imaging is useful in examining spatial
and temporal perfusion changes in human skeletal mus-
cle. The specific GE/SE methodology used here provides
several advantages. First, both total and microvascular
perfusion can be evaluated simultaneously. Second, the

rapid and repetitive acquisition of images allows dynamic
assessment of these changes. No other perfusion imaging
modality is capable of determining time-dependent alter-
ations with the temporal resolution of seconds or minutes.
In addition, the combined GE and SE information has the
potential to provide additional information related to ves-
sel size distribution. This information is of extreme im-
portance for the evaluation of insulin-resistant states
associated with obesity and hypertension, where a rate-
limiting step may be insulin’'s ahility to redistribute mi-
crovascular perfusion.

® APPENDIX

With resting venous blood oxygenation levels of ap
proximately 60% (44), the corresponding blood volume
susceptibility relative to water is represented by Ax and
is 1.9 X 1078 (47). This assumes a hematocrit of 40%, a
Ay for fully deoxygenated red blood cells of 1.57 X 107,
and a Ay for fully oxygenated red blood cells of —0.26 x
1077 (47). With profound ischemia, venous oxygenation
levels drop almost completely, giving a blood Ay of 6.3 x
1075 Assuming full oxygen saturation of tissue myoglo-
bin in both the resting and ischemic states, the blood-
tissue susceptibility difference would increase from 1.9 X
107% during rest to 6.3 X 10~* during ischemia, an ap-
proximate threefold increase. Conversely, if myoglobin
completely desaturates during ischemia, muscle Ay
would be approximately 2.1 X 10-%, decreasing the isch-
emic blood-tissue susceptibility difference to 4.2 X 1078,
[This assumes an upper-limit muscle myoglobin concen-
tration of 3 times less than blood hemoglobin concentra-
tion. Muscle myoglobin concentrations are typically 3 to
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10 times less than blood hemoglobin concentrations
(46).] Consequently, the desaturation of myoglobin dur-
ing ischemia may diminish the blood-tissue susceptibility
changes by as much as 50%, thereby at least partially
explaining the leveling of the BOLD signal during pro-
found ischemia.
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